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Remarks 



Consideration of this Application is respectfully requested. 

Upon entry of the foregoing amendment, claims 2-5 and 9-10 are pending in the application, 
with claims 2 and 9 being the independent claims. Claim 2 has been amended in order to more clearly 
and precisely define the subject matter which Applicants regard as the invention. Support for the 
amendment can be found throughout the specification and the original claims. Specifically, support 
can be found in the specification, inter alia, at page 19, lines 21-25. Claims 6-8 and 12 have been 
canceled. These claims were in groups that were not elected after issuance of the Restriction 
Requirement. Applicants retain the right to prosecute the subject matter of claims 6-8 and 12 in 
continuing applications. The amendments do not add new matter. Applicants respectfully request that 
the amendments be entered. 

Based on the above amendment and the following remarks, Applicants respectfully request 
that the Examiner reconsider all outstanding objections and rejections and that they be withdrawn. 

Status of the Application 

On October 26, 2000, in the parent application, a final Office Action, rejecting claims 2-3 
under 35 U.S.C. § 102(a) and claims 4-5 and 9-1 0 under 35 U.S.C. § 103 was issued. (Paper No. 15.) 
Applicants responded to the final Office Action on March 26, 2001 . On April 10, 2001 , an Advisory 
Action was issued maintaining the rejection of claims 2-3 under 35 U.S.C. § 102(a) and the rejection 
of claims 4-5 under 35 U.S.C. § 103. (Paper No. 20.) Applicants have filed herein a continuing 
prosecution application (CPA) and a preliminary amendment, which responds to the Examiner's 
rejections of Paper No. 20. 
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The Telephonic Interview of July 3 9 2001 

Applicants thank the Examiner for the telephonic interview held with the undersigned on 
July 3. 2001. 

Claim Rejections Under 35 U.S.C § 102 

The rejection of claims 2 and 3 under 35 U.S.C. § 102 as allegedly being anticipated by Vito 
el al.J. Biol Chem. 27 1 (49):3 1 025-3 1 028 (1996) has been maintained. (Paper No. 20, page 2.) 

Claim 2 has been amended to further clarify the claimed invention. Specifically, claim 2 has 
been amended so that it is clear that the claimed antibody specifically binds a purified 20 kDa 
presenilin-2 C-terminal fragment but does not bind presenilin-2. Support for the amendment can be 
found, inter alia, at page 19. lines 20-25 of the specification. Generating antibodies specific for a 
proteolytically cleaved fragment of a full-length protein, and that do not bind the full-length protein 
is within the skill of the art as evidenced, for example, by Hughes et al J. Biol Chem. 267(23): 
1601 1-14 (1992) (Exhibit A) who teach antibodies specific to a particular fragment of cleaved link 
protein (LP) but not uncleaved LP and Lark et al, 40 th Ann. Meeting, Orthopaedic Res. Soc, 
Feb. 21-24 (1994) (Exhibit B), who teach antibodies that bind a particular fragment of the cleaved 
aggrecan protein but do not bind the full-length aggrecan protein. 

"For a prior art reference to anticipate in terms of 35 U.S.C. § 102, every element of the 
claimed invention must be identically shown in a single reference." In re Bond, 15 USPQ2d 1566, 
1 567 (Fed. Cir. 1990). Vito et al do not teach every element of the claimed invention and, therefore, 
cannot anticipate the claims. Specifically, the antibodies of Vito et al are capable of binding to 
presenilin-2 whereas the claims require that the antibody does not bind to presenilin-2. As discussed 
in Applicants' Amendment and Reply Under 37 C.F.R. §1.11 1 . the polyclonals of Vito et al can bind 
to any presenilin-2 having amino acids 341-377 and 438-448. i.e.. full-length presenilin-2, normal 
C-terminal fragment of presenilin-2 (25 kDa). and the presenilin-2 C-terminal fragment of the 
captioned application (20kDa), as well as ALG-3 (by the polyclonal specific for amino acids 438-448 
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of presenilin-2). Thus, Vito et al do not teach the claimed invention. Accordingly, Applicants 
respectfully request that the Examiner reconsider and withdraw the rejection. 

The rejections of claim 4 under 35 U.S.C. § 103 as allegedly unpatenable over Vito et al in 
view of Dalbow et al, U.S. Patent No. 4,1 16,776 and claim 5 under 35 U.S.C. § 103 as allegedly 
unpatentable over Vito et al. in view of Janeway et al. , Immunobiology, New York, Current Biology, 
1997 have also been maintained. 

In order to establish a prima facie case of obviousness under 35 U.S.C. § 103, the references 
cited must teach all of the claim limitations. MPEP § 706.02(j). The defects of Vito et al have been 
discussed above. Neither Dalbow et al. nor Janeway et al cure the defects of Vito et al by teaching 
an antibody that specifically binds a purified 20 kDa presenilin-2 C-terminal fragment but does not 
bind presenilin-2. Accordingly, a prima facie case of obviousness has not been made. Thus, 
Applicants respectfully request that the Examiner reconsider and withdraw the rejection of claims 4 
and 5 under 35 U.S.C. § 103. 



All of the stated grounds of objection and rejection have been properly traversed, 
accommodated, or rendered moot. Applicants therefore respectfully request that the Examiner 
reconsider all presently outstanding objections and rejections and that they be withdrawn. Applicants 
believe that they have addressed and traversed the rej ections maintained in the Advisory Action issued 
on April 10, 2001 (Paper No. 20) and, as such, the present application is in condition for allowance. 
If the Examiner believes, for any reason, that personal communication will expedite prosecution of 
this application, the Examiner is invited to telephone the undersigned at the number provided. 



Conclusion 
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Prompt and favorable consideration of this Amendment and Reply is respectfully requested. 



Date: l0-n*0( 



1 1 00 New York Avenue, N. W. 
Suite 600 

Washington, D.C. 20005-3934 
(202) 371-2600 

l>: US1:R.S PChoi 0fi<« 427 IM06-I8 wpd 
SKGI- Ruv. 5 10,00 



Respectfully submitted, 

Sterne, Kessler, Goldstein & Fox p.l.l.c. 



Heidi L. Kraus 
Attorney for Applicants 
Registration No. 43.730 
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Version with markings to show changes made 

In the claims: 

2. (Amended) An antibody having binding affinity that is specific [only] to a purified 20 kDa 
presenilin-2 C-terminal fragment (PS2-CTF K wherein said antibody does not bind presenilin-2 . 



Claims 6-8 and 12 have been canceled. 
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Monoclonal Antibodies 
Recognizing Protease- generated 
Neoepitopes from Cartilage 
Proteoglycan Degradation 

APPLICATION TO STUDIES OF HUMAN LINK 
PROTEIN CLEAVAGE BY STROMELYSIN* 

(Received for publication, May 29, 1992) 

Clare £. Hughes*, Bruce Catersont$, 
Robert J. Whitel, Peter J. Roughleyljj, and 
John S. Mortlfl 

From the XDivision of Orthopedic Surgery, University of 
North Carolina, Chapel Hill, North Carolina 27599 and 
I Department of Surgery, McGiil University and %Shriners 
Hospital for Crippled Children, Montreal, Quebec H3G 
1AG. Canada 

Monoclonal antibodies were raised that specifically 
recognize the NH 2 - terminal neoepitope sequence pres- 
ent in link protein cleavage products derived from 
stromelysin-degraded proteoglycan aggregate. Com- 
petitive enzyme-linked immunosorbent assay, using 
synthetic peptides as inhibitors, showed that one of 
these antibodies (CH-3) required, for antibody recog- 
nition, the free NH 3 -terminal amino acid isoleucine 
(residue 17 of the intact protein) in the sequence NH 2 - 
IQAENG at the stromelysin cleavage site of link pro- 
tein 3. Human proteoglycan aggregate was digested 
with recombinant human stromelysin, bovine chymo- 
trypsin, bovine trypsin, and porcine elastase, and their 
respective link protein degradation products were 
tested for immunoreactivity with antibody CH-3. Only 
stromelysin- and chymotrypsin-generated link protein 
3 were recognized by antibody CH-3. Both of these 
enzymes generate link protein NH 2 termini with the 
sequence "IQAENG. . hence these studies indicated 
that monoclonal antibody CH-3 recognized this neoepi- 
tope sequence in only specific proteolytically modified 
link protein molecules. Since the occurrence of link 
protein 3 increases with aging, the incidence of CH-3 
epitope in proteoglycans isolated from human knee 
articular cartilage of individuals of different ages was 
investigated. The prevalence of CH-3 epitope was 
found to be highest in newborn and adolescent articu- 
lar cartilage samples. However, little CH-3 epitope was 
detected in older adult cartilage, although considerably 
more link protein 3 was present in these samples. These 
results suggest that additional proteolytic agents are 
responsible for the increased occurrence of link protein 
degradation products with aging. 



* This work was supported by National Institutes Health Grant 
AR32666 (to B.C. and C. E. H.), a National Arthritis Foundation 
postdoctoral fellowship (to C. E. H.) f the Shriners of North America 
(to J. S. M. and P. J. R.), and the Arthritis Society of Canada (to 
J. S. M . and P. J. R.). The costs of publication of this article were 
defrayed in part by the payment of page charges. This article must 
therefore be hereby marked **advertisemcnt yt in accordance with 18 
U.S.C. Section 1734 solely to indicate this fact. 

§ To whom correspondence should be addressed: CB 7055, Division 
of Orthopedics, Dept. of Surgery, University of North Carolina, 
Chapel Hill, NC 27599-7055. Tel.: 919-966-1212; Fax: 919-966-6730. 



Mechanisms of proteoglycan breakdown in connective tis- 
sues are complex and involve multiple agents and pathways 
(1). This is indicated by several studies examining the turn- 
over of matrix macromolecules in both articular cartilage and 
intervertebral disc (2-6). Recently, amino acid sequence 
analysis of cartilage proteoglycan breakdown products (4-6) 
has contributed to the identification of putative siteB of ca- 
tabolism within these macromolecules. The occurrence of the 
different sequences at these cleavage sites indicates that sev- 
eral different agents must be involved in proteoglycan turn- 
over. At present the identity and the source of the agents 
responsible for this degradation and the extent to which each 
agent is contributing to the turnover of these molecules have 
not been definitively established. However, since many of the 
proteolytic cleavage sites in proteoglycan are now known, we 
hypothesized that it should be possible to use immunological 
procedures to both identify and quantitate the occurrence of 
an agent-specific cleavage site in these molecules. It has been 
demonstrated previously in the case of fibrinogen (7) that on 
cleavage of a protein, the new NH 2 and COOH termini pro- 
duced have different properties, in terms of antibody recog- 
nition, than the same sequences present in the intact protein. 
These findings suggest that it should be possible, therefore, 
to produce antibodies specific for the products of proteoglycan 
aggregate components that have been cleaved by specific 
proteinases. Proteinases can cleave all susceptible peptide 
bonds without bias for the protein in which they occur. Thus, 
in principle, any matrix protein may be used as a marker for 
proteinase action. However, in practice, it is necessary that 
the protein be cleaved by physiologically relevant proteinases, 
and at least one recognizable degradation product must re- 
main localized within the tissue. Link protein from cartilage 
proteoglycan aggregate satisfies these criteria (8). 

Link protein (LP) 1 is a small globular protein which stabi- 
lizes the interaction between the cartilage proteoglycan mon- 
omer (aggrecan) and hyaluronan (9, 10). This interaction 
results in the formation of the large proteoglycan aggregates 
that endow cartilage with its property of resistance to 
compression under load (11, 12). Link protein isolated from 
human articular cartilage can be separated into three com- 
ponents with estimated molecular masses of 48, 44, and 41 
kDa, which are referred to as LP1, LP2, and LP3, respectively 
(13-15). Peptide mapping and amino acid sequence analysis 
indicated that the different forms of link protein are derived 
from the same protein core (16-19). The difference in electro- 
phoretic migration of LP1 and LP2 has been shown to be due 
to the differential substitution of N-linked oligosaccharides 
on the two different link protein components (15-17, 19, 20). 
Nguyen et al (18) have demonstrated that human LPl and 
LP2 differ only by the presence of an iV-linked oligosaccharide 
at residue 6 in LPl, LP3 is a proteolytic cleavage product of 
either LPl or LP2, which appears to have similar functional 
properties to those of the intact molecule (8, 15). The Non- 
terminal region of LPl and LP2, between residues 10 and 30, 
appears to be extremely susceptible to proteolytic attack, and 

1 The abbreviations used are: LP, link protein; (3A t /^-alanine; 
ELISA, enzyme-linked immunosorbent assay; EIA, enzyme immu- 
noassay; BSA, bovine serum albumin; SDS, sodium dodecyl sulfate; 
PAGE, polyacrylamide gel electrophoresis; PBS, phosphate-buffered 
saline. 
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the c ' e «vage Positions for many proteinases have been deter- 
mined (8) When LP3 preparations isolated from normal and 
diseased human articular cartilage were analyzed, three dis- 
tinct NH 2 termini were found. By comparison with the in 
vitro cleavage data, the proteinases of physiological relevance 
thought to be responsible for generating these new NH* 
termini were postulated to be stromelysin, cathepsin G, or 

-■fiST,,? ( ' H r an u Cart i lage LP3 is therefore P«went as 
a family of molecules, the identity of which depends on the 

proteinase responsible for its generation. Since the generation 
of each LP3 produces a unique NH 2 terminus, we propose the 
nomenclature LP3(n) for each defined LP3, where n repre- 
sents the sequence position of the NH 2 terminus of the 
molecule relative to that in the native protein. Thus. LP3 
generated by the action of stromelysin is denoted as LP3(17) 
In this paper we describe a novel approach, using mono- 
clonal antibody technology, to identify proteolytic agents 
responsible for the degradation of matrix macromolecules in 
normal turnover and in disease, by preparing antibodies spe- 
cific for the cleavage sites produced by different proteinases 
tn matrix molecules. As an example, this study was directed 
toward examining the role that stromelysin plays in the 
degradation of link protein during cartilage proteoglycan ca- 
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EXPERIMENTAL PROCEDURES 
. a ^ e r atS ~^} S ^ e ( 2.6.»0.U-tetramethyIpentadecane) was ob- 

L-S,ri« iti, T u E l A pIat " were Purchased from Flow 
Laboratories -Alkaline phosphatase-conjugated rabbit anti-mouse 
Fab, used in ELBA was obtained from Southern Biotechnology Inc 
Birmingham. AL. Alkaline phosphatase-conjugated second I amibody 
and substrate used in the Western blot analysis were obS ta 

w3 a r a ft^ e .. P r >t °^ 0t o W ' Stern W0t AP W» (catalog 

™ ^ "i OM (?- 2 " m J P<>™ »«e) was obtained from Bio- 
u ynny ' de u? djfluonde membrane (Immobilon) from Mil- 
}TGUIia U „ m M?,^ 0m ^ ,nant prost £> me ly3in »" « generous gift from 
Ur. Gillian Murphy, Strangeways Research Laboratories, Cambridge, 
U.K. Bovine chymotrypsin (tosyUysine chloromethyl ketone-treated) 
bovine trypsin (tosylphenylalanine chloromethyl ketone-treated) and 
porcine P>ncreabc elastase were all purchased from Sigma. Mono- 

,T r r Jy , 8A " 4 W< f prepared as ""id and alsTpurZ^d 

from the Developmental Studies Hybridoma Bank (University of 
Iowa. Iowa City, IA) This antibody recognizes a linear amino ac°d 
TTf Tr eP,tOPe the Paired Undem re P efl t ^ains of link protems 
l^S.t !° m ma " y ammal Species (16) - AU other chemical reagents 
used that are not specifically mentioned above were of analytical 
Kr.de and obtained from either Sigma or Fisher Scientific. ""W™ 1 
Preparation of Antigens for Immunization and Screening- Peptides 
o^nvfmeth? 1 ^'^ ".P- 5 /™™ 1 scale u *ine «*ndard Fmoc (9-flu- 
«1A ^H?n h » Carb ° n r-i Chemi f rVl °" Bn Ap P |ied Biosystems model 
4J1A solid phase peptide synthesizer. Crude peptides were purified 

A^IST- P T chroro » t< * ra phy (Prep-10 Aquapore C8 column, 
«SS^S^T ! S^?a ) U8,n l ar } acetonitrile gradient in 0.1% trifluo- 
J??,i Pe P tldes synthesized were IQAENGGC, IQAENG(/JA)C 

ftvT^Xl\ In • ome peptides used t0 probe antibod y ^ific- 

residue WHS 83 " substitute for the glycine spacer 

The Afunctional reagent, N-hydroxysuccinimidylbromoacetate 
was »ynthesized as described by Bernatowicz and Mafsueda ™l) F™ 
fn T n ?i. ir m ' ° f 65 mg/ml solution of this ^functions reagen 
o 2 2?^ 1°/™^ Wa r dded - dr ° pwise ' with continuous stirring 
nhosnWe ° f ° Valbum ' n < 22 m g/«"» dissolved in 0.1 M potassium 
phosphate^H ,.5, containing 1 m M EDTA at 4 'C. The mixture was 
then allowed to equ.l.brate to room temperature over a 30-min time 
P ^\ The , a o 1Vated ovalbumi " ™ separated from unreacted re 

. a y .P u nlt ^ n using 8 Se Ph»dex G-25 column (25 X 1.5 cm) 
eiu ed with the EDTA-phosphate buffer described above. The syn- 
thetic peptide to be coupled to the carrier protein was dissolved in 



r lt f cone entration of 6 mM and added to 0.4 ml of the 
Sephadex G-25 eluate peak fraction containing the activaud oval 
bum.n. The mixture was initially shaken gently under nitrogen for 2 

at 4 'C Un^^^' f0 " OWed by COnti " Ued -cubation ofernYght 
at 4 C. Unreacted bromoacetate groups were blocked bv th* .aa'I- 

SSKstE 01 (1 M - ri the so]ution •-^5s£S5 

nhl Jt \- The . success of the coupling reaction was determined bv 
observation of a decrease in electrophoretic mobility of the Tptide 
ovalbumin conjugate, on SDS-PAGE, relative to a cysteine^valbu 
ZZT 3 '*?? Prepared in the —» ma »™- ThelSentX o? th e 
K SDS pVrP^.T C Z nRrmtd by P 6 *" 8 "quendng, fol 
rile HE ^( G 2 f, and e,ect " b '°tt>ng ""to a polyvinylidene dLluo- 

J™JZ!?A ti0n IF* ^'' 0 "-The antigen used for immunization 
SS ffiMrr°r a,bUm ,' n 1 COn ^ gat<! ' consiat ing of the synthetic pep 
tide IQAENGGC coupled to the carrier protein. A single 4-6-week- 
oU I female BALB/c mouse was immunized with thf ovaTbumtn- 
pepude conjugate. Procedures for immunization, cell fusion and 

Aft2?o B ?* H IeCtl ° n "J"*** ^ Caterson et al. m, 24) 
After 10-14 days ,n culture, the welk were visually inspected for the 
presence of vable hybridomas. Aliquots from each of the hSorna 

^mlo^h^" 8 W T te8 ^- d in ELISA f0r the P««nce y of mouse 
'mmunog lobulm i with specificity directed against the original immu- 
n '^* antl e e . n - These h ybridomfl 8Upernatants were ^ tes ™ d ™ T 

^ ^LXlT mSt ova,bum in-PePtide conjugaUs confining' 
L I^f J ^ ^ J !equence ' in order 10 distinguish hybridomas 
that produced ant.bod.es recognizing the synthetic pVptide from S 
recogmzing ep. opes in either the coupling region oVihe conjugal 
the «rr,er protein. Hybridomas from wells producing antibody dJ 
reeled agamst epitopes .n the synthetic peptide component of the 
UmSrH".^^ 11 ! 8 U WWe 01611 expanded ^ subcloned by 
weTe^tedta- ELf S a A fr r ST ■ KSU ^ M monoc,ona ' nybridomi 
A^Zi^t . ■ ^.u ^ A for their Paction of immunoglobulin 
fnrf^iT' -!" e ° ng J ,naJ antigen ' then «*Panded in cell culture" 
and used for ascites production. Ascites were produced by the intra 

l ?TT^l 10 - 10 ' CeU8 ^ ^■"-'eretired breeder B^LB/ 
c mice that had been previously primed with an intraperitoneal 
■njection of 0.5 ml of Pristane 1-2 days earlier. Ascitic fluid was 
usuaUy harvested 2-3 weeks after the hybridoma irrSn and stoTe^ 
^nr"' 02 *^ The " ntibod y was determined 

airmtXX n ' ng ^ 8UPPUed by 8Mbm Biotechnology 
.,;^n > l/w r ^r'^f ^'° ccrf "'-«-Antige n s were dissolved in PBS- 
"m% NmIZa 1 f 8 ° diUm " lwah *. pH 7 -2. containing 
Tkertek ElA^t " ' c ° ncen ^ atio " °f 3 M on 96-well 
for 3 h .f ^ P P ^ y f S8 ' Ve absor Ption either overnight at 4 'C or 
.Vr,™^ 1 I , plate ? Were washed witb PBS-azide, and the 

2 " pr^ m ^ re w l0C M Cd by the addition of EIA buff er (1% BSA 
mPBS-az.de; 200 ,,1/well) followed by incubation for 1 h at 37 'C 

„f !. P ?^ S u eT ! the " W . ashed three times with PBS-azide. and 200 „l" 
wel^of the F d A m n. ? I «!«Pernatant was added to appropriate 
Ztr Z l^^ S t te " a " d . ,ncubat «d for 1 h at 37 'C. The plates 
KS^f-SnVlT* WU , h PBS azide - folIow ed by the addition of 
Uitl^r k ^ dilution of enzyme-linked second antibody solution 
(alkaune phosphatase-conjugated rabbit anti-mouse Fab,) and incu- 
bation for 1 h at 37 'C. The plates were washed five times with THs- 
salme buffer (0.2 M NaCI, 0.05 M Tris-HCI, P H 7.4) and then 
incubated at 37 - C with alkaline phosphatase substrate (p „ t«, 

m^fr ofl^:, 1 m ? /m , 1 in 0126 BM M «° 1 '- °- 86 M diethanola- 
mine, pH 9 8) until optimal color development occurred (usually 30- 

iOS^oI*'^*?™ TT ili ft hy measurin g ^e absorption at 
r. nm *? , I-'?**** Multlska n <Flow Laboratories). 
H.LISA Inhibition Assays-The immunizing peptide antigen was 
djssolved ,n PBS-az.de and coated onto EIA plates at 3 „g/W (2OT 
jd/welD.then blocked in EIA buffer, as described above. A panel of 
pepndes, all at 1 mg/ml. was serially diluted in EIA buffer (concen' 
telnTr Tl ° "e l ° 30 " g/10 ° " lf and incubated at room 

of Tl Jr^T- »«th monoclonal antibody CH-3 (final dilution 

oi l.iu.ouo in 200 ^1) prior to incubation for 1 h at 37 'C in the 
appropriate well of the antigen-coated and blocked EIA plate The 
plates were washed and incubated with secondary antibody as de 
scr.bed above in the direct ELISA. Substrate was then added and 
nJt*?* We l- ,nc " bated at 37 " C u "til the well that contained no 
»ST " n V£ n ( ° ^ /ml) Eave an abs °' b ance reading of approxi- 
mately 1.0 at 405 nm. This reading was taken as 100% 

Proteinase Digestion of Cartilage Proteoglycan Aggregate-Pioteo- 
glycan aggregate isolated from normal human knee articular cartilage 
was prepared by associative CsCl equilibrium density gradient cen- 
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iriiugation (13). The proteoglycan aggregate fraction (Al) r was sub- 
jetted to proteolytic digestion with either chymotrypsin, trypsin, or 
pancreatic elastastv Digestion mixtures (0.1 ml) contained 2 mg/ml 
proteoglycan aggregate in 0.1 M Tris-HCl, pH 7.n, and 20 /ig/inl of 
either of the three proteinases listed above. Following incubation at 
37 'C tor 4 h, the enzymes were inactivated by addition of an equal 
volume of SDS- PAGE sample buffer (without mercaptoelhanol) and 
heated immediately in a boiling water bath for 3 min. The proteogly- 
can aggregate was also subjected to digestion with recombinant pros 
tromelysin, which had been preactivated by p-aminophenyl mercuric 
atetalo treatment (2")). Incubations contained 1 mg/ml proteoglycan 
aggregate in 0.1 M Tris-HCl, pH 7.5, containing 10 mM CaCb and 10 
A/g/ml stromelysin and were allowed to proceed at 37 *C for 24 h and 
then terminated as above. Link proteins were separated by SDS- 
PAGE, elect rob lot ted onto nitrocellulose, and immunolocalized with 
monoclonal antibodies using procedures described lielow. 

Isolation and Analysis of Cartilage Matrix Proteins — Macroscopi- 
cally normal human articular cartilage was obtained from the distal 
femur at autopsy, within 1G h of death, from donors aged 6 weeks, 2 
years, 10 years, 23 years, and 58 years, respectively. The tissue was 
finely diced and extracted with 4 M guanidinium chloride -containing 
proteinase inhibitors (26), and the protein-rich components of the 
cartilage extracts were isolated by direct dissociative CsCl equilibrium 
density gradient centrifugation using a starting density of 1.50 g/ml 
(14) After centrifugation, the tubes were divided into three fractions 
( Dl- 1)3). a which were then dialyzed and freeze-dried. Cartilage matrix 
proteins in the luw buoyant density D3 fraction were dissolved at 2 
mg/ml in 4 M guanidinium chloride, 0.1 M sodium acetate. pH f>.3, 
and then dialyzed at room temperature against two changes of 0.125 
M Tris-HCl, pH G.8, containing 0.1 % SDS. Samples (50 jig/ well) were 
subjected to SDS- PAGE, followed by elect roblotting onto nitrocellu- 
lose membranes. Link proteins were immunolocalized with mono- 
clonal antibodies 8-A-4 and CH-3 using procedures descril>ed below. 

SDS-I'oiyavrylamidc Get Electrophoresis and Immunoblotting — 
Samples containing native and degraded link protein were electro- 
phoresed on 10% polyacrylamide slab gels in SDS using procedures 
descrtlied by I«aemmli (27). After electrophoresis, the fractionated 
proteins were elect mphoretically transferred to nitrocellulose mem- 
branes. The transfer sheet was incubated in blocking solution (356 
(w/v> bovine serum albumin in PBS-axide) overnight, then incubated 
with a 1:2000 dilution of monoclonal anlibodv 8A4 or a 1:100 dilution 
of CH3 in TBST (0.05% Tween 20 in 0.15 M NaCl. 0.01 M Tris-HCl. 
pH 8.0i for 30 min at 37 "C. After 3 washes with TBST buffer, the 
nitrocellulose sheets were incubated for 30 min at 37 *C with a 1:7500 
dilution of an alkaline phosphatase-conjugated rabbit anti-mouse 
second antibody in TBST buffer. The nitrocellulose was then thor- 
oughly washed in TBST buffer and then washed in one change of 
alkaline phosphatase buffer (100 mM NaCl, 5 mM MgCl 3 , 100 mM 
Tris-HCl. pH 9.5) before addition of freshly prepared alkaline phos- 
phatase substrate solution (66 >/l of nitro blue tetrazolium (50 mg/ml 
in 70% dimethylt'ormamide) and 33 fi\ of 5-bromo-4-chloro-3-indoyl 
phosphate (50 mg/ml in di met hylforma mide) in 10 ml of alkaline 
phosphatase buffer). In general, the immunoblots were incubated for 
10- 30 min at tooth temperature to achieve optimum color develop- 
ment. 

RESULTS 

Characterization of a Monoclonal Antibody Specific for 
LP3(17) — Mice were immunized with a synthetic peptide con- 
jugate containing the first 6 residues of the NHj-terminal 
neoepitope produced from cleavage of native link protein by 
st romelysin. Preliminary screening of hybridoma supernatant 
specificity in direct ELISA identified six clones (denoted CH- 
\\ to CH-8, respectively) that recognized the immunizing an- 
tigen. These antibodies showed no reactivity with unrelated 
synthetic peptide conjugates nor with the carrier protein. 
Hybridoma clone OH -3 showed the strongest reactivity in the 
preliminary screening and thus was processed further. The 
CH-3 hybridoma cell line was cloned by limiting dilution, and 
its antibody isotype determined as being an IgG] heavy chain 
and k light chain. 

The reactivity of monoclonal antibody CH-3 against a series 



-' Al and 1)1 \)\\ as used in Ref. 12. 
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of unconjugated peptides, related to the immunizing antigen 
but having modifications at both the NH r and COOH-ter- 
minal amino acids, was tested in competitive ELISA (Fig. 1). 
These analyses showed that the unconjugated immunizing 
peptide and the same peptide with a modified COOH-terminal 
amino acid sequence both gave 50% of the maximum absorb- 
ance at a concentration of 25 ng/m\ peptide (Fig. 1, open 
symbols). Acetylation of the peptide resulted in a marked 
reduction in inhibition, while removal of the NH^-terminal 
amino acid (isoleucine) resulted in a complete loss of this 
inhibition. Similarly, NH^-terminal addition of further resi- 
dues from the link protein sequence (Fig. 2A) gave peptides 
that were unable to compete with the immunizing sequence, 
even when an alternative NH L .-terminal isoleucine residue 
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Fk;. 1. Competitive inhibition EUSA assay using mono- 
clonal antibody CH-3. El A microtiter plates were coaled with the 
ovalbumin-synthetic peptide (IQAENGGC) conjugate used as the 
immunizing antigen. Synthetic peptides used as competing antigens 
in the inhibition ELISA were; O, IQAENGGC; □. IQAENG(M)C; 
Ac- 1 Q A E N G diA )C ; ■, IHIQAENGGO; A, HIQAENGGC; T. 
QAENG{#A)C; and AENGPHGGC. 

*) 

w it >: 

i a * i h c@@ 

0MLlDNttlDHDMlKI0>tKC'HL|.VEM 

l± y 

B) C) 




tJl* -.••Itfit" cm oa 

1 2 3 < 

Fig. 2. Characterization of monoclonal antibody CH-3. A, 
diagrammatic representation of the NH 2 -terminaJ amino acid se- 
quence (residues 1-30) of human link protein, illustrating (behu) the 
cleavage sites of trypsin, chymotrypsin, stromelysin. and elastase, 
and [above) the peptide used as the immunogen. Boxed residues 
indicate the linker region of the synthetic peptide antigen. B, samples 
of human proteoglycan aggregate digested with proteinases (10 ^g of 
proteinase/mg of proteoglycan aggregate, 4 h) were analyzed by SDS- 
PAGE and Western blotting. Link protein components were visual- 
ized using monoclonal antibodies 8-A-4 or CH-3 as indicated. Ijane 
1, control; lane 2, chymotrypsin; lane 3. elastase; lane /, trypsin. C, 
human proteoglycan aggregate digested with p-aminophenyl mercuric 
acetate -activated recombinant prostrornelysin (10 of proteinase/ 
mg of proteoglycan aggregate, 24 h) and then analyzed as in B. 

A) 

M*» tp 1Cy» IV Mr- 
torn 

B] 

j ~ — — CH3 

Nr» 1,, Mr IV My* 

Yu:. 3. Changes with age in the CH-3 epitope in human 
articular cartilage. Cartilage proteins from tin* D3 fraction of 
dissfuiat ive CsCl density gradient? were subjected to SDS -PAGE <md 
Western binning, lank protein components were visualized using 
monoclonal antibody (A) and monoclonal antibody CH-3 </i|. 
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was present (Fig. 1, closed symbols). These results demon- 
strated the importance of the free NH a -terminal isoleucine 
residue and the dependence on the specific amino acid se- 
quence adjacent to this residue in the epitope recognized by 
CH-3. 

The specificity of monoclonal antibody CH-3 for human 
LP3(17) was demonstrated by immunolocalization studies on 
specific proteinase digestion products of human articular car- 
tilage proteoglycan aggregate (Fig. 2). Following SDS-PAGE 
and electroblotting, immunolocalization with monoclonal an- 
tibody 8-A-4 (which recognizes internal epitopes in link pro- 
tein) visualized LPl, LP2, and LP3 in the undigested prepa- 
ration, with LPl and LP2 being most abundant and LP3 
being present as a minor component. However, digestion with 
chymotrypsin, elastase, or trypsin resulted in complete con- 
version of LPl and LP2 to LP3 products, the sequences of 
which had been determined previously (Fig. 2A). In contrast 
to 8-A-4, monoclonal antibody CH-3 gave a weak LP3 band 
in the undigested sample and did not react with the trypsin 
or elastase digestion products. However, chymotrypsin diges- 
tion, which is known to produce LP3(17), gave a strong 
reaction (Fig. 2B). Similarly, digestion with recombinant stro- 
melysin produced a strong CH-3 reactive band (Fig. 2C). NH 2 - 
terminal sequencing of this recombinant stromelysin-gener- 
ated LP3 gave the expected sequence. These data demonstrate 
the specificity of antibody CH-3 for the sequence NH 2 - 
IQAENG. . . in the native LP3 preparations. 

Changes with Age in LP3(17) Abundance— lr\ order to eval- 
uate the importance of stromelysin action in cartilage changes 
associated with aging, the occurrence of CH-3 neoepitope in 
link proteins from human articular cartilage extracts from 
various individuals of different ages was examined (Fig. 3). 
Immunolocalization analysis, using antibody 8-A-4, indicated 
that the relative abundance of LP3 was found to increase with 
age at the expense of the LPl and LP2 components, in 
agreement with previous results (14). In contrast, however, 
the proportion of LP3(17), as visualized using the monoclonal 
antibody CH-3, was found to decrease with the age of the 
individual. 

DISCUSSION 

Results from several groups indicate that the mechanism 
of proteoglycan catabolism in connective tissues is complex. 
Protein sequencing studies have documented many of the 
cleavage sites that result from catabolism of the proteoglycan 
aggregate components, aggrecan (4-6) and link protein (8, 
18). In recent years, reports in the literature have focused on 
the metalloproteinases stromelysin and collagenase as being 
the major agents involved in cartilage proteoglycan degrada- 
tion (28). However, it is clear that many of the proteolytic 
agents responsible for this catabolism still remain to be iden- 
tified (4-6, 8). Research in our laboratories has been directed 
toward using monoclonal antibody technology to identify 
specific in vivo cartilage proteoglycan breakdown products as 
a means of discriminating between the large number of pro- 
teolytic agents that are potentially involved in this process. 

The present work demonstrates the feasibility of this ap- 
proach. Monoclonal antibodies specific for the stromelysin 
cleavage site in the degraded link protein present in catabo- 
lized cartilage proteoglycan aggregate have been produced. 
One of these antibodies (CH-3) recognized only the neoepi- 
tope sequence containing an NH2-terminal isoleucine (residue 



17 of the intact protein) and its adjacent amino acids but not 
the identical sequence present in the undegraded link-protein. 
This finding suggests that monoclonal antibody CH-3 .can-be 
used to distinguish between the degradative action -of stro- 
melysin versus other proteinases in matrix turnover, since of 
the physiologically relevant proteinases studied so far only 
stromelysin cleaves at this position. Our studies using mono- 
clonal antibody CH-3 also provided evidence suggesting that 
the major proportion of LP3 in the adult is not a final 
degradation product of stromelysin, even though during aging 
an increasing amount of the link protein in human articular 
cartilage is present in the LP3 form. This indicates that 
catabolic agents other than this metalloproteinase contribute 
to link protein degradation and presumably to the turnover 
of matrix molecules in general in normal adult cartilage. It 
still remains to be established whether or not multiple pro- 
teolytic agents (including stromelysin) are involved in this 
process. 

These results indicate that neoepitope monoclonal antibody 
technology is a powerful tool for identifying the unique deg- 
radation products that result from the action of individual 
proteolytic agents in extracellular matrix degradation. In ad- 
dition to their application in immunoblotting, these reagents 
can also be used for immunohistochemical localization and 
quantitative immunoassay. Thus, this methodology has great 
potential for discriminating between the different mecha- 
nisms of cartilage metabolism operating in health and disease. 

Acknowledgments — Peptides were synthesized by Elisa de Miguel, 
Biotechnology Core Facility, Shriners Hospital, Montreal. We thank 
Dr. Gillian Murphy for providing us with human recombinant stro- 
melysin and Barbara Ford for typing the manuscript. 

REFERENCES 

1. Murphy, G., Hembry, R. M., Hughes, C. E. f Foaang, A. J., and Hardingham, 

T. E. (1990) Bioehem, Soc. Trans. 18, 812-315 

2. Ratcliffe, A., Tyler, J. A-, and Hardingham, T. E. (1986) Bioehem. J. 238, 

671-680 

3. Liu, J., Roughley, P. J., and Mort, J. S. (1991) J. Orthop. Res. 9, 668-671 

4. Sandy, J. D., Neame, P. J., Boynton, R. E., and Flannery, C. R. (1991) J. 

BioL Chem. 266, 8683-8685 

5. Flannery, C. It, Lark, M. W., and Sandy, J. D. (1992) J. BioL Chem. 267, 

1008-1014 

6. Mok, M. T., Ilic, M. Z., Handley, C. J., and Robinson, H. C. (1992) Arch. 

Bioehem. Biophys. 292, 442-447 

7. Hui, K. Y., Haber, E. t and Matsueda. G. R. (1983) Science 222, 1129-1132 

8. Nguyen, Q., Liu, J., Roughley. P. J., and Mort, J. S. (1991) Bioehem. J. 

278, 143-147 

9. Gregory, J. D. (1973) Bioehem. J. 133, 383-386 

10. HascaU, V. C^and Sajdera, S. W. (1969) J. BioL Chem. 244, 2384-2396 

11. Hardingham, T. E. (1979) Bioehem. J. 177, 237-247 

12. Franzen, A., Bjdrnason, S., and Heinegard, D. (1981) Bioehem. J. 197, 

669-674 

13. Roughley, P. J., Poole, A. R., and Mort, J. S. (1982) J. BioL Chem. 257, 

11908—11914 

14. Mort, J. S., Poole, A. R., and Roughley, P. J. (1983) Bioehem. J. 214, 269- 

272 

15. Mort, J. S., Catenon, B., Poole. A. R., and Roughley, P. J. (1985) Bioehem. 

J 232 806—812 

16. Caterson,*B.. Baker, J. R., Christner, J. E., Lee, Y., and Lentz, M. (1985) 

J. BioL Chem. 260, 13348-11356 

17. Hering, T. M., and Sandell, L. J. (1990) J. BioL Chem. 265, 2375-2382 

18. Nguyen, Q., Murphy, G., Roughley, P. J., and Mort, J. S. (1989) Bioehem, 

J. 259, 61-67 

19. Baker. J. R, and Catereon, B. (1979) J. BioL Chem. 254 , 2387-2393 

20. Le Gledic, S., Perin, J.-P., Bonnet, F., and Jolles, P. (1983) J. Biol Chem. 

258, 14759-14761 

21. Bernatowicz, M. S., and Matsueda, G. R. (1986) Anal. Bioehem. 155, 95- 

102 

22. Matsudaira, P. (1987) J. BioL Chem. 262, 10035-10038 

23. Catereon, B., Christner, J. E., and Baker, J. R. (1983) J. BioL Chem. 258, 

8848-8854 

24. Caterson, B., Calabro, T., and Hampton A. (1987) in Biology of the 

Extracellular Matrix: A Series. Biology of Proteoglycans (Wight, T., and 
Mechan, R.. eds) pp. 1-26, Academic Press, New York 

25. Hughes, C., Murphy, G., and Hardingham. T. (1991) Bioehem. J 279, 

733-739 

26. Roughley, P. J„ and White. R- J. (1980) J BioL Chem. 255, 217-224 

27. Laemmli, U. K. (1970) Nature 2 2 7 . 680-685 
2A. Wwuner, J. F. (1991) FASEB J. 5, 2145-2154 



DEVELOPMENT OF AN ANTIBODY AGAINST A META LIPOPROTEIN AS E 
GENERATED NEO-EPITOPE IN HUMAN AGGRECAN 

M LARK, H WILLIAMS, L HOERRNER, J WEIDNER, C HARPER, J AYALA, 
A CHRISTEN, J OLSZEWSKI, Z KONTEATTS AND R MUMFORD 
Department of Immunology and Inflammation Research, 
Merck Research Laboratories, Rah way, NJ 



INTRODUCTION: Stromelysin-1 <SLN), is elevated in 
synovial fluids of patients with osteoarthritis and 
rheumatoid arthritis 1 . One approach to determine if SLN 
has activity in cartilage, is to develop antibodies to 
localize and quantify matrix degradation products of the 
enzyme. SLN cleaves human aggrecan between Asn 341 and 
Phe 342 in the interglobular domain (IGD) region of the 
molecule 2 . An anti-peptide antibody was generated against 
the C-terminal sequence of the hyaluronan binding region 
(HABR) generated after SLN cleavage and a quantitative 
radioimmunoassay (RIA) developed. The specificity, 
sensitivity and utility of this antibody are described. 
MATERIALS AND METHODS: The peptide 
CNleFVDIPEN 341 , corresponding to the C-terminus of the 
SLN-generated HABR, was conjugated to bovine 
thyroglobulin and an antiserum generated in rabbits. The 
serum was used for development of a quantitative RIA and 
for Western blotting of aggrecan and aggrecan fragments. 
ProSLN, procollagenase (proCLN), and progelatinase 
(proGLN) A were recombinant human enzymes supplied by 
Cell tech, Ltd. Human GUM B was supplied by G. Goldberg 
(Wash. Univ.). ProSLN was activated using trypsin or 
APMA 3 . ProCLN and both proGLNs were activated using 
APMA. Cathepsins (Cat) B and G were purchased from 
Athens Research. Human leukocyte elastase (HLE) was 
supplied by B. Green (MRL). 

RESULTS: The RIA using the rabbit polyclonal anti- 
FVDIPEN antiserum and has a limit of detection of -35 pM 
(Fig I). The sequence, VDIPEN, is required for full 
recognition by the antibody. When the C-terminal Asn is 
truncated from the sequence or when the Phe, in position 342 
is present, there is 1,000 fold loss in recognition by the 
antibody. These data indicate that the antiserum requires 
the free carboxyl on the C-terminal Asn for optimal 
recognition. The anti-FVDIPEN antibody does not recognize 
intact human aggrecan but does recognize a fragment 
generated after SLN cleavage both by Western blotting and 
JUA. The RIA recognizes cleaved aggrecan at a 
concentration similar to the FVDIPEN peptide. The SLN- 
generated HABR, terminating in FVDIPEN 341 , migrates 
with a Mr « 50 kD on reducing SDS-rx>lyacrylamide gels and 
retains its ability to bind to HA. A series of 
metalloproteianses including GLN and CLN have been 
reported to also cleave aggrecan in this site. When CLN, 
GLN A, GLN B, Cat B, Cat G and HLE were evaluated for 
their ability to generate the epitope, the only enzyme other 
than SLN which generated the epitope was GLN A (Fig 2). 
The anti-VDIPEN antiserum recognizes SLN-generated 
HABR from rabbit, human, guinea pig, and mouse aggrecan. 
DISCUSSION: An anti-peptide antibody has been raised 
against the C-terminal sequence of the HABR generated by 
SLN cleavage of aggrecan. The antibody requires the 



sequence VDIPEN for full recognition. The antiserum can be 
used for both RIA and Western blotting and does not detect 
intact aggrecan, but does detect SLN -cleaved aggrecan from 
a number of species. It appears that the only other matrix 
metalloproteinase capable of generating this cleavage in 
vitro, is GLN A. Because this antibody detects aggrecan 
fragments after enzyme cleavage in multiple species, it 
should be useful to detect and quantify HABR fragments 
generated by these enzymes as a readout of enzyme activity 
i n man as well as animal models. 

REFERENCES: (1) Lohmander et al, Arthritis Rheum 36: 
181, 1993; (2) Flannery et al J Biol Chem 267:1008, 1992; (3) 
Murphy et al, Biochem J 277.277, 1991. 
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Figure 1. RIA titrations of specificity peptides. 
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Figure 2. Western blot of aggrecan digested with SLN 
(lanesl and 3), CLN (lane 4), CLN A (lane 5) CLN B (lane 6) 
human leukocyte elastase (lane 7), cathepsin G (lane 8) 
cathepsin B Cane 9) and intact aggrecan (lanes 2 and 10), 
probed with anti-VDIPEN antiserum. Samples were 
electrophoresed on a 4-20% reducing grdient SDS-PACE, 
figures on left indicate size of MW markers in kD. 

a The authors own or may derive profit from the material 

described In this abstract . . . 
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